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ABSTRACT 
C e r t a i n  t y p e s  o f  s o f t w a r e  f a c i l i t i e s  a r e  needed i n  a Space S t a t i o n  
I n f o r m a t i o n  Systems Environment; t he  Common APSE I n t e r f a c e  Set (CAI:) has 
been p r o p o s e d  as  a means o f  s a t i s f y i n g  them. T h i s  p a p e r  d i s c u s s e s  how 
r e a s o n a b l e  t h i s  may b e  b y  e x a m i n i n g  t h e  c u r r e n t  C A I S ,  c o n s i d e r i n g  t ? e  
changes due t o  t h e  1 a t e s t R e q u i r e m e n t s  and C r i t e r i a  (RAC)  document,  and 
p o s t u l a t i n g  t h e  e f f e c t s  on  t h e  new CAIS 2.0. F i n a l l y  a few a d d i t i o n a l  
comments a re  made on the  problems inhe ren t  i n  t h e  Ada (*) language i t s e l f ,  
e s p e c i a l l y  on i t s  d e f i c i e n c i e s  when used  f o r  i m p l e m e n t i n g  l a r g e  
d i s t r i b u t e d  process ing  and database app l i ca t i ons .  
1. INTROOUCTION 
C e r t a i n  types o f  sof tware f a c i l i t i e s  a r e  needed i n  a Space S t a t i o n  In fo rma t inn  
System E-ivironment (SSISE). Not the l e a s t  o f  these are: 
a. the d i s t r i b u t i o n  o f  t he  t a r g e t  and hos t  f a c i l i t i e s  f o r  b o t h  the  run- t ime and 
development environment, 
5. t he  abso lu te  need fo r  good con f igu ra t i on  management methodology t o  c o n t r o l  
t h e  development and use of  the  many vers ions  o f  t he  so f tware  and t o o l s ,  
c. t h e  need t o  develop and modify systems wi th in d i s t r i b u t e d  environments ~ s i n 3  
s o p h i s t i c a t e d  t e r m i n a l  interfaces,  
d .  a consequent need fo r  good in te r faces  and standards, a b s t r a c t  data t y p i n q  in 
a d i s t r i b u t e d  system ( i n c l u d i n g  develoement and run- t ime b ind ings) ,  
e. a r e a l - t i m e  d i s t r i b u t e d  so f tware  development methodology, and correspondin? 
language support and opera t i ng  environment and t o o l  cons t ruc ts ,  
f. good human t o  human and machine t o  machine communication techniques. 
-_----------- 
* Ada is a Reg is te red  Trademark of  t he  US. Governmenk, 
Aaa J o i n t  Program O f f i c e  
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&cause SSISE development w i l l  use Ada as i t s  imp lemen ta t i on  language, i t  Would 
b e  e x t r e m e l y  u n f o r t u n a t e  i f '  i t s  needs were  n o t  a d d r e s s e d  I n  t h e  Ada 
Set (CAIS). This paper is s t r u c t u r e d  around the  f o l l o w i n g  t h r e e  major  aspects: 
1. How w e l l  a r e  these needs addressed within t h e  c u r r e n t  CAIS s p e c i f i c a t i o n ?  
Indeed, would a poor f i t  have a bad e f f e c t  on the  Space S t a t i o n  so f tware? 
2 .  What improvemen t  can  be e x p e c t e d  due t o  changes mandated b y  t h e  l a t e s t  
Requirements and C r i t e r i a  (RAC) document? 
3. W i l l  t h i s  t r u l y  a f f e c t  the  nex t  CAIS (ve rs ion  2.0)? 
environments now under s p e c i f i c a t i o n  and development: t h e  Common APSE I n L  a - C ? c ?  
2. SPACE STATION IWOWATICN SYSTEMS ENVIl?C"T fEEDS A N I  ME CAIS 
The Space S t a t i o n  S o f t w a r e  Work ing  Group and NASA s o f t w a r e  s p e c i a l i s t s  have 
r e c e n t l y  de f ined t h e i r  needs fo r  support o f  space s t a t i o n  so f tware  development 
[ D i x o n  851, and p roduced  a d e f i n i t i o n  o f  t h e  space s t a t i o n  s o f t w a r e  s u p p o r t  
environment requirements [Chevers 861 i n  e a r l y  1986. The major  i ssues  i n c l u d ?  
a s p e c t s  a b o u t  g e n e r i c  e l e m e n t s  o f  t h e  e n v i r o n m e n t ,  t o o l  c h a r a c t e r i s t i c s  and 
c o n s i d e r a t i o n  o f  the f o l l o w i n g  major questions: 
- Should a un i fo rm NASA So f tha re  Development Environment fo r  space s t a t i o n  be 
de f ined and developed? Issues r e l a t i v e  t o  t h i s  inc lude:  
* Sof tware  development fo r  the  space s t a t i o n  w i l l  be h i g h l j  d i s t r i b u t e d ,  
* Major  so f tware  p o r t i o n s  w i l l  be managed by var idus  centers  and no t  by  a 
with no l o c a l i z e d  s i n g l e  dwe lopment  group. 
s i n g l e  NASA center. 
these need comple te ly  separate sof tware environments. 
* I m p o r t a n t  f u n c t i o n a l  d i f f e r e n c e s  e x i s t  between major s o f t w a r e  systems; 
- How much o f  the  space s t a t i o n  so f tware  development environment should 3t 
fu rn ished by NASA? 
* T n i s  had a major impact because NASA has never developed i t s  own SDE. 
2.1 THE S I S E  AND ITS REQUIRfM3JTS 
Desp i te  the  fac t  t h a t  the s p e c i f i c a t i o n  o f  a s i n g l e  standard environment may 
i n v o l v e  s o l v i n g  many p r o b l e m s ,  t h e  w o r k i n g  g r o u p  f e l t  t h a t  t h e  p o t e n t i a l  
advantages fa r  outweigh the  d i f f i c u l t i e s .  There was the re fo re  a recommendation 
for the d o f i n i t i o n  o f  a we l l -de f ined development environments w i th  c a p a b i l i t y  
fo r  two classes of user: 
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- SDE interfaces to support software developers and their managers. These 
were to consist of: 
Mail and Telecommunication support (e.g., editors, file systems, 
communications aids, etc.) 
Technical management/control aids (e.g., cost models, project management 
and planning systems) 
Data base support (e.g., file management, retrieval, control, 9tc.I 
Modeling/simulation aids (e.g., Architecture models, testing aids, etr.) 
Prototyping aids (e.g, requirements, specs, man/machine interface, etc.)  
Oocument preparation aids 
Requirements specification validation and analysis aids 
Design specification aids (e.g, PDL analyzers, data dictionary, etr..; 
Code construction and control aids (compilers, linkers, configuration 
managers, etc.) 
Program &alysis/testing and integration aids (path coverdge/tzsC 
generators, symbolic executors, etc.) 
Metrics (quality, complexity, cost and reliability measures) 
Man-machine interface support (interface and use of the environment, 
help, tutorial, etc.) 
- An SDE interface to support NASA software managers responsible for  s o f t w 3 :  ? 
requirements/acquisition/acceptance; this required essentially the ~ d l n r )  
capabilities as those above, with changes in emphasis or tailoring t ’ i e  
relative importance, complexity of function and response needs. Thus the 
management controls should be more heavily directed towarj sc’3erlulps, 
planning, project management, and PERT, while the modeling, p r o t o t y p i n q ,  c i r i  1 
simulation aids would be minimal ar unnecessary. 
Theso two interfaces can thus result from a single CONF ISURABLE t3nv i r t ,o t* I~” i ’  
w’lich is tailored to the specific necrls o f  each work station and local??. 
2.2 THE CUFiREEcT CAIS 
Several needs in the above list have not been addressed in the CAIS 1.5 
specification. These issues have been discusst-” at length in KIT (KAPSc  
Interface Team) and KITIA ( K I T  Industry and Academia Support) group rneetinqs 
but a r e ,  as yet, only partially resolved. In fact, many o f  t h e s e  der t ’  
deliberately excllJderl from discussion in the current CAIS document. They 3re: 
__-_. . ..~ .-._.fl-....- ..-. -.1 --.. . ~ . I  . . ... 
* A p a r t i c u l a r  Conf igu ra t ion  Management Methodology 
* S o p h i s t i c a t e d  Device Con t ro l  and Resource Management Capabi l i  t Les 
* D i s t r l b u t e d  Environments  
* I n t e r - t o o l  I n t e r f a c e s  
* I n  t e r o p e r a b  i 1 it y 
* Typing Methodology 
* Archiving 
These and o t h e r  i s s u e s  a r e  each  d i scussed  i n  t h e  dpt ,3 i led  s e c t i o n s  below. 
2.3 
A l t h o u g h  t h e  r e q u i r e m e n t s  o f  t h e  f i r s t  v e r s i o n  o f  t h e  CAIS were n e v e r  
e x p l i c i t l y  d e f i n e d ,  t h e y  wqre a m i x t u r e  o f  t h e  s p e c i f i c a t i o n  and  p a r t i a l  
i m p l e m e n t a t i o n  o f  t h e  ALS p r o v i d e d  by S o f t e c h  and t5e  A I €  u n d e r  d e s i g n  b y  
I n t e r m e t r i c s .  Thus ,  !-JF?C.3lJS2 these two  e f f o r t s  w9re a l r e a - l y  f u n d e d ,  t"ley 
in t roduced  s e v e r a l  problems !]?cause the CAIS s p e c i f i c a t  inn team were at tempt ,  ing 
t o  p r o v i d e  a s  much c o m p a t i h i l i t y  a s  p o s s i b l e  ' w i t h  t n e s p  t w o ,  s o m e w h a t  
d i f f e r e n t ,  a r c h i t e c t u r e s  o f  an e n v i r o n m e n t  ( w i t h  d i f f e r e n c e s  a l s o  i n  tnFj i7  
s c o p e ) .  I n  g e n e r a l  t h i s  a t t e m p t  may h a v e  i n t r o d u c e d  3 r o b l e m s  o f  u p w a r q  
c o m p a t i b i l i t y .  Thus t h e  f u t u r e  CAIS w i l l  e i t he r  ' lave t o  i g n o r e  t h e  n o r m a l  
needs of  a "s tandard" i n  dea l ing  w i t h  9 r equ i r ed  "upward c o m p a t i b i l i t y "  or  e l s f ?  
admi t  t o  s e r i o u s  d e f i c i e n c i e s  and p o s s i S l e  poor i n t e r f a c e s  i n  f u t u r e  s y s t i n s  
due t o  l a c k  of  adequate  c o n t r o l s  and func t ions .  
THE EFFECT OF THE RAC 
The  new r e q u i r ? m e n t s  were w r i t t e n  t o  a l l o w  m o r e  f l e x i 3 i l i t y  and  i ~ ? t : . ? r  
i n t o r f a c e s ,  w i t h  an  a t t e m p t  t o  h 3 v e  b e t t o r  f u n - t i o n a l i t y .  T h u s  t Q e  E n t i t y  
Mmagsment Support  ( s e c t i o n  4.  of t h e  RAC) r e q u i r ? s  a suapor t  t h a t  pa rod ie s  t w  
d e s z r i p t i o n  o f  a n o r n a l  da ta5ase  management system wi thout  s p e c i f i c a l l y  S 3 y i - l : j  
c.13: i t  i s  n2eded. Some 3f  :?e needs a r e  q u i t ?  s p e c i f i c  and  ( t iout2h CI,I&:I * . -  
i n t e r p r e t a t i o n )  qlJite e n c o m p a s s i n g ;  ~ 3 . 3 . ~  " impose  a l a t t i c e  S t r 1 J l ; t ' ~ r e  nn : . I ? - '  
t y p e s  d h i c h  i n c l u d e s  i n h e r i t a n c e  o f  a t t r i b u t e s ,  a t t r i h u t ?  v 2 l u o  r 5 : i g : x  
(posc>ibly r e s t r i c t e d ) ,  r e l a t i o n s h i p s  and a l lowed opera t ions ."  
Another type  o f  problem arisec,  hie ? ?  wish t o  al lovJ t' ie CAIS t n  be oper3910 on 
a lmos t  any c u r r e n t  COmm?rcial atrd e x ~ i ? r i m e n t a l  o p e r a t i n g  system: vliz, 'IT%? 
5 v c i  f i c a t i o n  sh311 be machin? independent and i m p l l 1 n e n t ~ t i o n  independen:. The 
CAI5 5n211 9e i v p l e m e 7 t a S l e  on bdre m a e h i n e s  and  on m a c h i n e s  w i t h  any  ? E  a 
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variety of operating systems.1f This could restrict the design in many 
unfortunate ways. 
2.4 TI€ E X l  CAIS 
It is difficult to peer into the future, and thus the following predictions for 
the next CAIS may prove incorrect, however, the degree of effort and choice of 
contractor (Softech) allows us to make some early assumptions. 
First, it seems unlikely that the contractor would make a new specification 
that would not allow the current ALS to be considered an "almost complier witn" 
or "minimal fix away fromt1 the new CAIS. 
Second, the level of funding and staffing is not one that would be expected :r, 
allow anything but the narrowest extension o f  the currerlt CAIS. 
Third, it is somewhat doubtful whether the politics o f  the situation wou! 1 
allow a large diversion from the Army's ALS. 
Fcrurth, the contractor has already suggested that divergence from some o f  - - ) e  
old C A I S  Specifications to go to the RAC statements would be difficillt. T ~ P -  
discussion of such issues at recent KIT/KITIA meetings has not been encour?:in; 
to a feeling of extension of the role o f  the CAIS. 
3. SPECIFIC DEFICIENCIES 
3.1 W I G U R A T I O N  HA"T 
The lack of a particular Configuration Management Met!lodology means t - l C i e  
several vendors could provide incompatible but "standard" systems. These i s q o a G  
seem, primarily, t o  devolve on a need for a long time naming continuity am!, i l  
gen?ral, software configur3tion management. The first issue is t h a t  i f  
providing "Unique Names" across geographic and time boundaries. Tho t 2rmn 
"l.rnique name" (UN) !>as Seen used to define an immutable name fnr an erititq; 
e.3., 3 compilPr should be uniquely identified 5y a UN, which neit:7er ci>a,i,lt=c; 
nqr is "recycled". Thus a UN is given out once to an entity and remains it.; 
name;  i f  tile 
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entity is deleted/removed, then the UN will still identify t t l e  
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e n t i t y ,  b u t  an a t t e m p t  t o  r e t r f e v e  i t  w i l l  r e s u l t  In a statement t h a t  I t  i s  no 
I longer a v a i l  ab l e .  
There a r e  two p o s s i b l e  problems: 
1. IS any s o r t  of change a l l owed  t o  an e n t i t y  w i t h o u t  I t s  UN changing? 
N o r m a l l y ,  the  c o n t e n t s  o f  t h e  e n t i t y  may b e  a l t e r e d ,  but t h i s  c o u l d  meqn 
t h a t  i t  is no longer  even s i m i l a r  t o  i t  prev fo i i s  "parent" e n t i t y .  C e r t a i n l y ,  
i t  seems reasonable t h a t  a program may be debugged w i t h o u t  changing i t s  name 
f o r  each e r r o r  detected. This would suggest that. the  unique name was r e a l l y  
a run - t ime  UN, which cou ld  be s a i d  t o  remain constant d1Jrh-g programming end 
debugging. However, i f  the UN were f o r  a da ta  e n t i t y ,  t h e  e f f e c t  o f  a chanqe 
i n  any one o f  its v a l u e s  w o u l d  b e  a new " v e r s i o n "  o f  t h e  e n t i t y ,  and thi,; 
Could be impor tan t  enough t o  be considered a new " e n t i t y "  though the  normdl 
way of  d e a l i n g  wi th t h i s  i s  t o  consfder the  da ta  e n t i t y  t o  be " t ime  and d a t 3  
s tamped ' '  w i t h  a n  a i i d i t  t r a i l  t o  a l l o w  t h e  p r e v i o u s  e n t i t y  t o  b o  
recons t ruc ted  (e.cj., f o r  r o l l  back).  
2 .  How are UN r e l a t e d  fo r  the same (but changed) e n t i t y ?  
There must be ;3 method fo r  data e r l t i t y  recons t ruc t i on  -- r o l l  Iiack from arl 
a u d i t  t r a i l ,  however, the data i n  a t r a d i t i o n a l  database must n o t  he c a l h j  
by p h y s i c a l  l o c a t i o n ,  b u t  5y "name po in te rs "  or indexes or " l o g i c a l "  k p y s  -- 
tnese m i g h t  be c o n s i d e r e d  t h e  IJN f o r  da ta .  On t h e  o t h e r  hand, t h e  o n l y  
" a u d i t  t r a i l "  f o r  programs i s  n o r m a l l y  p r o v i d e d  b y  t h e  c o n f i g l ~ r = ~ +  [ J T  
lnanagement sys tem (CMS).  I n  fact., t h e  i d e a  o f  v e r s i o n  i n  a C M S  i s  a n o t i ? r  
way o f  l o o k i n g  a t  the unique name; i.e., the UN i s  l o g i c a l l y  equ iva len t  t o  3 
user name concatenated w i t h  the ve rs ion  number (or equivalent) .  
What !-as been suggested above about 3 UN f o r  bo th  program and data c w l d  315'1 
ho ld  for  c o n t r o l  s t ruc tu res .  
3.2 SOPHISTICATED DEVICE CONTROC 
S o n e  o f  t h e  b i g g e s t  p r o b l e m  a r ?  u n d o u b t e d l y  g o i n g  t o  be t h e  i n t r o d u c t i o n  I J ~  
more s o p h i s t i c a t e d  input /ou tpu t  and o the r  spec ia l  dev ice  dependent int;.t Faces 
(e .q . ,  f o r  a mouse). T h i s  w i l l  be  a p r o b l e m  when t h e r e  a r e  u n o s ~ ~ a :  3 1 ~ t  
s c g h i s t i c a t e d  i n t e r f a c e s  t o  dyvices and sensors. Un fo r tuna te l y ,  this issue wil l  
r,3qtJir? t oo  much d i s w s s i o n  t o  f i t  here and requ i res  a paper o f  i t s  own. 
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3.3 OISTRIBUTED ENVIROENNTS 
The development o f  Space Station Information Systems is bound to be highly 
distributed with no single group solely responsible for the required software 
systems. This could result in difficulties when looking at large and complex 
development and run-time environments. Discussions on space station softwarrJ 
development must address Distributed Environments (Host and Target) and 
particular ways to distribute data as well as control. The Ada Prograrnininij 
Support Environment (APSE), however, - does recognize such a need, and s t d t ~ ,  
that additional software tools are necessary i n  order to allow "indepenrltwt" 
program to communicate wit3 each other dynamicalty, in a "natlJr?l" doc! 
controlled way. The RAC states, however, that: " C A I S  proqram v x f 2 r u b  i o f ~  
facilities shall be designed to requiro no additional functionality in thP A%I 
Run-Time System (RTS) from that provided by Ada semantics. Consequently, t l t  J 
implementation of the Ada RTS shall be independent of the CAIS". .. 
TIiere are  some problems here with Ada itself. A distributed system c a n  1 1 1 ,  
designed and implemented in Ada from two different points o f  view, namely a s  , I  
single program or as a collection of  cooperating proqrams. The first o f  t h?v  
altornatives, single program, is particularly useful when considering t iqhr- i f  
coupled mu1 t iprocessor systems. Inter-processor communication a i l ' !  
synchronization can then be naturally achieved by using rendezvous. The  mi 
alternative is to design the system as several icdependent programs ( O I W  , I :!-  
processor). The Ada language, however, does not support the idea of indt~p:ivkii 
programs dynamically cooperating with one another ( i . ~ . ,  no const.r~I':t~., d r . '  
provided fo r  inter-program communication). 
Both approaches require further support from the environment. F o r  ~ ? x . j m p l r - . ,  
Specific target-oriented tools (e.$, loaders) are needed, to assist in to.' 
actual implementqtion on the distributed architecture. An Ada solution t.o til.: ; I '  
problems may be in the form O F  a set of  inter-program communication p r i m i t  i v ~ .  
provided a t  the APSE level in the program library. In qeneral, the d t 2 5 i q 1 i  ,in 1 
implemontat ion of a multi-processinq system as a collert ion of indt?pt.liilt!:l! 
programs present a number of inconveniences resulting in the fo l l r jw  in11 i t ; ( ; t J ( : ; :  
- Creat.im of "lingc~istic:" facilities to enable internrogr?ln colnlntIniI:at i I m  
- Provision 'OF a rnet.hodoloqy f o r  designing Distributed Systerns (Js inrJ  t ! l f ? L : t '  
r~ i9' i r ?  r - 1 e vr: 1 p r i in i t i ve 5 ,  
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3.4 INTER-TOOL INTUFACE!j, I V I L I T Y ,  AN) TYPlffi ).fFHOOOLOGV 
These three issues represent the generic problem o f  the tool builder. When 
Several tools must interchange data, they must either do it via the Standard 
interfaces or else be designed as a suite of tools with total knowledge of  the 
data requirements and functionality of the other tools in the suite. In 
general, there are problems i n  defining inter-tool interfaces, Oecause a change 
to One tool may cause a ripple effect. However, reliance on interoperability 
interfaces entails passage of abstract data types across tool interfaces. This 
could have serious security and integrity repercussions. 
Interoperability also has severe impact on distributed systems, where the 
passage o f  abstract types may be essential for accurate and reliable datd 
interchange between the various nodes. Without a good typing methodology, it is 
obviously impossible to provide such features or to deal effectively with data 
base management and similar issues. The alternative to such methodology is o f  
course straight ASCII interchange, with negligable checking. Again, theso 
topics deserve a paper of their own. 
3.5 ARCHIVING 
This is an important issue in any configuration, but more so in a distribclt?<j 
environment of the kind mentioned here. However, for the purposes o f  t'7is 
paper, it will be left as another undiscussed issue. 
3.6 CENTRALIZATION AN) DECENTRALIZATION ISSUES 
Tne really tough problems of unique names of any of the types o f  entiti9s 
occurs when they are (in some way o r  another) decentralized. As an exdrn i i l ? ,  
when a compiler is moved to a new node, does its UN change? And whether i t  c;:ot35 
or not, which node controls or restricts the change? Obviously, the a1sw.r t 1 
such questions involves policy and method of  control. It is importdnt tiat t w  
controlled use o f  a distributed environment be effected through distributed 
kernels operating locally. It  is conceivahle that one or  more nodes woultl bP 
designated as decision making kernel(s1, while other nodes will b e  merely 
servers. T h i s  seems to provide a reasonable compromiw between centr--ll i7e 1 
(high communication costs and high vulnerability) and dcceritralized ( w i t h  i t 5  
cjnnecessary control burden on every node). 
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4. ADA LAK;uAGE IsslEs 
As d i s c u s s e d  ear l ier ,  there are some s e v e r e  p r o b l e m s  i n  u s i n g  Ada i n  
m u l t i p r o c e s s i n g  and  d i s t r i b u t e d  s y s t e m s .  From Ada ' s  p o i n t  o f  view, a 
m u l t i p r o c e s s o r  s y s t e m  which  u s e s  a common memory c a n  be v i ewed  a s  a 
"uniprocessor  system which implements  m u l t i t a s k i n g  i n  a more e f f i c i e n t  manner.'' 
I n  t h i s  case, t h e  e n t i r e  system is des igned  and b u i l t  as a s i n g l e  Ada p r o g r m  
with c e r t a i n  p rocedura l  a b s t r a c t i o n s  implemented a s  t a sks .  Each o f  these t a s k s  
r e p r e s e n t s  the work o f  o n e  l o g i c a l  p r o c e s s o r ,  and  may e v e n t u a l l y  r u n  on  a 
d e d i c a t e d  p h y s i c a l  p rocessor .  In t e r -p rocesso r  communication and s y n c h r o n i z a t i  J n  
can  then  be n a t u r a l l y  achieved  by us ing  rendezvous.  However, be fo re  t h e  progrdm 
is run  on the t a r g e t  mul t i -processor  environment ,  the  d i f f e r e n t  t a s k s  need til 
be " a s s i g n e d "  t o  the i r  c o r r e s p o n d i n g  p r o c e s s o r s .  And t h i s  is  n o t  e x p l i r  i t l y  
suppor t ed  by the language. The use  o f  PRAGMAS has  been sugges ted  here .  O n  t h ?  
o t h e r  hand, a d i s t r i b u t e d  system may be suppor ted  by Ada cs a c o l l e c t i o n  o f  Ada 
p r o g r a m s  c o m m u n i c a t i n g  t h r o u g h  i n t e r m e d i a r i e s .  One way would  be t o  pr3 'J  i d s  
l i b r a r y  packages t o  ina in ta in  "mailboxes" and whose "procedures" (which cou ld  711' 
i m p l e m e n t e d  a s  t a s k s )  c a n  be c a l l e d  from s e v e r a l  p r o g r a m s .  I n  any c 2 7 =  : 
s t a n d a r d  p r o t o c o l  i s  needed. 
An Ada s o l u t i o n  t o  these problems may be i n  t h e  form o f  a set of  inter-?r)j :1ln 
c o m m u n i c a t i o n  p r i m i t i v e s  prov ided  a t  t h e  APSE l e v e l  i n  t h e  pto3rarn l i ' J r 3 t : J .  
S a s i c a l l y ,  wha t  we a r e  t a l k i n g  a b o u t  here is  a g e n e r a l  f a c i l i t y  b),  w - I ~ L : ' :  
programs c3n communicate and s y n c h r o n i z e  t h e i r  a c t i v i t i e s .  These  f a r i l  i t i  :. 
m u s t  be d e s i g n e d  i n  s u c h  a way t : , a t  t h e y  c o u l d  be  a q p l i e d  i n  a nllm22r .1f 
s i t u a t i o n s  us ing  d i f f e r e n t  programs. Thus, t h e  s p e c i f i c a t i o n  m u s t  be ! I ~ : F I - ~  1 
e n o q h  a s  t o  h i d e  t h e  i d e n t i f i c a t i o n  o f  t h e  orogrsms involved ,  and yet p r o v i , k  
wsys  t o  i d e n t i f y  a p a r t i c u l a r  s i t u a t i o n .  Ada ' s  gene r i c  u n i t s  g rqv ic l e  ! 1,' 
a n s w e r .  They  a r e  g e n e r a l  a t  the  d e f i n i t i o n  l e v e l ,  and  p a r t i c u l a r  ? t  : ' ; "  
ins tan t .  i a t  ion leve 1. 
U n f o r t u n a t e l y ,  t h e  u s e  o f  g e n e r i c s  here presents a number o f  inconve: l i l ' : lc . , , - .  
s ince the  ide r l t i t y  o f  the a c t u a l  programs us ing  t h e  t o o l s  is  not known t,:1., 
t ime o f  w r i t i n g  t h e  t o o l ,  these t o o l s  c a n n o t  be t a s k s  themselves. The Ad,] 
t a s k i n g  model dof ines an 3Syminet r iC i n t e r - t a s k  communication mechanism i n  whii:ij 
the i d e n t i t y  o f  tne c h l l ~ e  must he known t o  the  c a l l e r .  I n  o t h e r  words,  t o  hav-. 
t r u e  l i h r a r y  tasks (where the i d e n t i t y  o f  the c a l l e r s / c a l l e e s  is  n o t  reve.3lt?d), 
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we need  t o  in t roduce e x t r a  programs. For example,  if we wan t  t o  c o n n e c t  t w o  
l i b r a r y  programs and run them i n  p a r a l l e l ,  we have t o  d o  so t h r o u g h  a t h i r d  
i n t e r m e d i a r y  program. This is f e a s i b l e  because t h e  i d e n t i t y  o f  t h i s  t h i r d  
Program is  known t o  the o t h e r  two. The f a c t  t h a t  these u n i t s  run i n  o a r a l l e l  i s  
an  imp lemen ta t i on  dec is ion ,  which is b e s t  hidden i n s i d e  the uni t  body (an J d r f 4  
b e n e f i t ) ,  
a 
The f i r s t  a l t e r n a t i v e  seems more e f f e c t i v e ,  s ince  we c o u l d  use the  f u l l  power 
O f  the language a t  compi le  t i m e  (e.g., t ype  checking) and a t  run-tim? ( a t  l e a s t  
t h e  s y s t e m  c a n  b e  t e s t e d  on  a u n i p r o c e s s o r  e n v i r o n m e n t ) ,  and i t  does not. 
r e q u i r e  any t t s p e c i a l t t  f e a t u r e s  f rom t h e  p rog ramming  language  ( i n  f a c t ,  mos t 
a v a i l a b l e  i m p l e m e n t a t i o n s  w i l l  n o t  even s u p p o r t  m u l t i - g r b c e s s o r  t a r g e t s  
d i r e c t l y ) .  The second a l t e r n a t i v e ,  however, may be more convenient and e legant ,  
r e f l e c t i n g  the  r e a l  w o r l d  s i t u a t i o n  (Le., independent p a r a l l e l  progrsms each 
r u n n i n g  on  i t s  own CPU), b u t  r e q u i r e s  a w e l l - d e f i n e d  ’5TANDARD d i s t r i b u t e d  
systems methodology. 
5. coNcLusIws 
Accommodating he terogene i ty  i n  a s o f t c a r s  devalopment envirsnment r e q u i r i s  t : i a t  
0 
t he  system be w r i t t e n  for  a number o f  d i f f e r e n t  machines and be ab le  t o  support 
numeraus s o f t w a r e  packages a s s o c i a t e d  w i t h  v a r i o u s  o p e r a t i n g  end r u n - t i m e  
systems. I t  i s  pos tu la ted  t h a t  c o n t r o l  o f  such system must be e f f e c t e d  through 
d i s t r i b u t e d  k e r n e l s  o p e r a t i n g  on  a l o c a l  b a s i s .  The r u n - t i m e  sys tem i s  b e s t  
o rgan ized f o l l o w i n g  the layered model provided t h a t  we are  ab le  t o  h i g h l i g h t :  
- the  r e l a t i o n s h i p  betveen the d i s t r i b u t e d  and l o c a l  ope ra t i ng  systems 
- t h e  r e l a t i o n s h i p  be tween t h e  d i f f 3 r e n t  t y p e s  o f  d e c i s i o n s  made b y  thi’ 
j u x t a p o s i t i o n  o f  the  two c o n t r o l  domains (i.?., l o c a l  and g l o b a l )  
- t h e  v i s i b i l i t y  necessary t o  e f  -ec t  the var ious  imp lementa t ion  issues 
O b v i o u s l y ,  t h e  APSE approach is t h e  way t o  go, b u t  pe rhaps  i t  w i l l  need t o  i1e 
m o d i f i e d  t o  reso lve  d i s t r i b u t e d  computing issues such as: 
- network transparency a t  the u5er l e v e l  
- in te rp rog ram ( in te rnode)  communic3tion mechanism 
- except ion  hand l i ng  mechanisms encompassing d i s t r i b u t e d  c h a r a c t e r i s t i c s  
- ;~v(aren~!ss o f  a p p l i c a t i o n  o b j e c t i v e s  
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- f a u l t  tolerance s t r a t e g y  Over t h e  p l a c e m e n t  and  u p d a t e s  o f  back-up  
c o p i e s  of i n fo rma t ion  
What we need here therefore is an e x t r a  l a y e r ,  t h e  DAPSE, i n  between the  MAP% 
and  KAPSE. Th is  w i l l  p r o v i d e  a s t a n d a r d  i n t e r f a c e  for  such a system s u p p o r t  
environment. 
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